Utah State University

DigitalCommons@USU
Undergraduate Honors Capstone Projects

Honors Program

5-2011

Variability of Cranial Nerve Assignment to Speech and Swallow
Muscles
Kristina Morrey
Utah State University

Follow this and additional works at: https://digitalcommons.usu.edu/honors
Part of the Speech and Rhetorical Studies Commons

Recommended Citation
Morrey, Kristina, "Variability of Cranial Nerve Assignment to Speech and Swallow Muscles" (2011).
Undergraduate Honors Capstone Projects. 96.
https://digitalcommons.usu.edu/honors/96

This Thesis is brought to you for free and open access by
the Honors Program at DigitalCommons@USU. It has
been accepted for inclusion in Undergraduate Honors
Capstone Projects by an authorized administrator of
DigitalCommons@USU. For more information, please
contact digitalcommons@usu.edu.

Variability of Cranial Nerve Assignment to Speech and Swallow
Muscles
by
Kristina Morrey

Thesis submitted in partial fulfillment
of the requirements for the degree
of
HONORS IN UNIVERSITY STUDIES
WITH DEPARTMENTAL HONORS
in

Communicative Disorders
in the Department of Communicative Disorders and Deaf Education

Approved:

Thesis/Project Advisor
Dr. Kim Corbin-Lewis

Departmental Honors Advisor
Dr. Sonia Manuel-Dupont

Director of Honors Program
Dr. Christie L. Fox

UTAH STATE UNIVERSITY
Logan, UT
Spring 2011

VARIABILITY OF CRANIAL NERVE ASSIGNEMNT TO THE SPEECH AND SWALLOW
MUSCLES
	
  

	
  

	
  

2	
  

	
  

Abstract
Purpose: The object of this study was to examine and document anatomical variability of
cranial nerve assignment for muscles of the speech and swallow mechanism. Through means of
textbook review, the study’s first purpose was to identify which cranial nerves were attributed to
the innervation for muscles associated with the speech and swallow mechanism. The second
purpose was to examine if cranial nerve assignment, field of study, or geographic region
explained differences in cranial nerve assignment to muscles of the head and neck.
Method: Textbooks were chosen and analyzed based on field of study and geographic
region.
Results: The cranial nerves that had the most variability in assignment were the IX
glossopharyngeal, X vagus, and XI accessory nerves, associated with muscles of the larynx,
pharynx, and palate. The textbooks that had the most variation were those textbooks that used the
most basic anatomical description or simplified text. Textbooks sampled from the medical field
showed much less variability than the other fields. While there were differences in variability
rates among regions, evidence was not strong enough to suggest that regional differences played
a major role in explaining the variation.
Implications: By categorizing the variability for cranial nerve assignment of speech
mechanism muscles in professional training textbooks, professionals in allied health fields can
better appreciate the pitfalls of information simplification as well as identify different
interpretation of anatomical cranial nerve assignment by anatomists.
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Problem Statement
Variability in human anatomy is seldom fully appreciated, nor explained, in basic, entrylevel anatomy courses. This variability and/or lack of consensus exists in the assignment of
cranial nerves that supply sensation and motor function to structures needed for speech
production. There are two ways in which variation can take place. First, there is an amount of
normal variation between individuals. Neural innervation of one muscle in a specific individual
may vary from the neural innervation of the same muscle in another individual. Two individuals
may have a problem with the motor function of the swallowing muscles of the soft palate. The
muscles of the soft palate are innervated by two conjoining nerves, both the X vagus nerve as
well as the XI accessory nerve (Seikel, King , & Drumright, 2009, Kent, Martini, Marieb,
Anthony). Symptoms may or may not differ, etiology for one individual could originate with the
XI accessory nerve, while the other etiology for the other individual could originate with the X
vagus nerve. Therefore, diagnostic information may uncover symptoms associated with function
of one nerve more apparent than symptoms resulting from the other nerve. This could potentially
change symptomatic treatment strategies.
These individual differences in both structure and function may significantly affect
speech and language. While variability in the specific cranial nerve attributed to a specific
muscle has limited significance in a healthy individual with normal communication skills, it may
be extremely telling in someone who has injury or disease. The symptoms displayed often
indicate which nerve is damaged, with a specific deficit in an important muscle group for speech
and/or voice production.
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Second, variation can also come from the anatomist’s need to assign innervation to a
specific muscle when connections are complex. Often times, muscles of the speech and swallow
mechanism are not innervated by one specific nerve, but rather by two or three nerves. This can
be seen with the muscles of the palate and pharynx. Cranial nerves IX, X, and XI are intricately
connected as they make their way to these muscles, and assignment of primary innervation can
be made difficult. As a result, there may be a lack of uniformity among textbooks for anatomy
courses as to which nerve is primary innervation.
Because differing professionals gain their basic understand of anatomy through these
anatomy courses, this variability may cause discrepancies post-education among professional
fields. For example, one professional may explain that the cause of a dysfunction with a certain
group of muscles in the speech mechanism is from a lesion of a nerve they believe to be the
supply for that muscle group. Another professional may believe that the same muscle group is
innervated by a different nerve, and contradiction of etiology can occur. Contradictions can
occur simply because variability is not recognized between these different professional fields.
Purpose
The object of this study was to examine and document anatomical variability of cranial
nerve assignment for muscles of the speech and swallow mechanism. The research questions
driving this project were: 1) in the literature which cranial nerves are attributed to innervation of
different muscle groups or organs? Where is the variation for these assignments? 2) Is the
variability of assigned nerves to structures apparent across all anatomy textbooks for medicine,
speech-language pathology (SLP), nursing and physical therapy (PT) training, or for just some
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professions? 3) Is there any form of organization or patterns to the variation among the cranial
nerve assignment for professional field of study or geographic region of the United States?
Through means of textbook review, the study’s first purpose was to indentify which
cranial nerves attributed the innervation for the muscles associated with the speech and swallow
mechanism. The second purpose was to find and categorize the variation of nerve assignment
between three separate groups: cranial nerves, field of study, and geographic region.
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Methods
Textbook Selection
Textbook selection was based on inclusion criteria designed to address geographic region and
field of professional study. Geographic region was operationally defined using state
subdivisions employed by the US Census. Three primary regions were: West, Midwest, and East.
Further subdivision separated states into north, middle, and south sections. The regions were
labeled 1-9 respectively (See Image 1).
Image 1
Map of Regions Used

Four health/allied health professions that had a high use of anatomy instruction within the
educational course of study were selected for this study: SLP, medicine, nursing, and PT.
Professions using anatomy textbooks were chosen in order to explore whether the variability of
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assigned nerves to structures was apparent across all disciplines or occurred differentially in
some fields.
Exclusion criteria included using textbooks or textbook editions published prior to 2000
and using atlases that did not have textual explanation of cranial nerve assigment. Inclusion
criteria were textbooks of multiple edition series published after 2000.
Textbook Sample Selection Process
Textbook selection for study inclusion began by identifying which textbooks were cited
in anatomy course requirements for the four separate fields in all nine regions. Using
professional accreditation websites for each of the fields, a list of all accredited schools (divided
by field of study) was first created under the 9 numbered regions. Schools for each field of study
were numbered and then randomly selected based off of a random number chart for textbook
selection (See Table 1).
After the schools were selected, textbooks required for the basic anatomy courses were
found by using the respective department’s main website for each field of study. This was done
using three stages to select the final textbooks used for the study. During the first stage,
textbooks were identified using a syllabus that listed the required textbook(s). Syllabi were found
under the curriculum section of the department’s website for the respective programs. If a
syllabus wasn’t available, then “anatomy syllabus” or “course curriculum” was typed into the
school’s search box. 30 out of 53 identified textbooks were found following this process.
Table 1
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Medical textbooks
SLP textbooks
PT textbooks
Nursing textbooks

	
   1
Region
	
  

Region 2

Region 3

Region 4

	
  
Washington School
of
Medicine
Before We Are Born*
Moore, Keith L. 7th ed.

	
  
University of Washington
Neural Bases of Speech,
Language & Hearing***
Kuehn, David P.

Gray’s Anatomy for Students*
Drake, Richard 2nd ed.

Fundamentals of Anatomy &
Physiology*
Martini, F.H. 7th Ed.
University of Nevada
Grants Atlas of Anatomy*
Agur, A., Dalley A.

Gray’s Anatomy for Students*
Drake, Richard 2nd ed.

Anatomy and Physiology for
Speech, Language, and
Hearing***
Seikel, J., King, D., &
Drumwright, D. 4th ed.
University of Utah
Anatomy and Physiology for
Speech, Language, and
Hearing**
Seikel, J., King, D., &
Drumwright, D. 4th ed.

University of Northern
Colorado
Anatomy and Physiology**
Thibodeau, Gary A., Patton,
Kevin T. 7th ed.

University of Arizona
The Human Brain*
Nolte, John

Arizona State University
Preclinical Speech Science**
Hixon, Thomas J.

University of New Mexico
Grants Atlas of Anatomy***
Agur, A., Dalley A.

University of Arizona
A Photographic Atlas of the
Human Body**
Tortora, Gerard J 2nd ed.

Michigan State University
Anatomy and Physiology for
Speech, Language, and
Hearing***
Seikel, J., King, D., &
Drumwright, D. 4th ed.

St. Catherine University
Foundations of Clinical
Research**
Portney, 3rd ed.

South Dakota State
University
Vander’s Human
Physiology**
Widmaier, Eric P.
11th ed.

University of Illinois
Speech Sciences*
Kent, Raymond D.

University of Illinois at
Chicago
Clinical Anatomy*
Snell, Richard 7th ed.

Des Moines Area
Community College
Learning Human Anatomy**
Guy, Julia F 4th ed.

University of California
Medical Physiology*
Boron, Walter F. 2nd ed.

Principles of Human Anatomy
and Physiology*
Tortora, Gerard J., Derrickson,
Bryan H. 12th ed.
Indiana University
Gross Anatomy*
Chung, Kyung Won 6th ed.
Atlas of Human Anatomy*
Netter, Frank H. 5th ed.

University of Montana
Textbook of Anatomy and
Physiology*
Anthony, Kolthoff 8th ed.

Idaho State University
Human Anatomy &
Physiology**
Marieb, Elaine N. 8th ed.

11	
  

Clinical Neuroanatomy: A
Neurobehavioral Approach
Mendoza, J., Foundas, A.

Region 5

Northwestern University
Clinically Oriented Anatomy*
Moore, Keith L., Dalley,
Arthur F., Agur, Anne MR
6th ed.

Hollinshead’s Textbook of
Anatomy*
Ross, Cornelius 4th ed.

Medical Physiology*
Boron, Walter F. 2nd ed.

Region 6

Grant’s Dissector*
Tank, Patrick W. 14th ed.
Texas Tech University
Stedman’s Medical Dictionary*
Stedman 28th ed.
Atlas of Human Anatomy*
Netter, Frank H. 5th ed.

Region 7

Clinically Oriented Anatomy*
Moore, Keith L., Dalley,
Arthur F., Agur, Anne MR
6th ed.
Weill Cornell
Clinically Oriented Anatomy*
Moore, Keith L., Dalley,
Arthur F., Agur, Anne MR
6th ed.
Atlas of Human Anatomy*
Netter, Frank H. 5th ed.

Region 8
	
  

ETSU Quillen College of
Medicine
Physiology: Board Review
Series
Costanzo, LWW 4th ed.
Human Neuroanatomy
Augustine, J.R.

University of Texas-Austin
Anatomy and Physiology for
Speech, Language, and
Hearing*
Seikel, J., King, D., &
Drumwright, D. 4th ed.

University of Oklahoma
Clinical Anatomy**
Curfman, Sue

Ithaca College
Anatomy and Physiology for
Speech, Language, and
Hearing**
Seikel, J., King, D., &
Drumwright, D. 4th ed.

Temple University
Grant’s Dissector**
Tank, Patrick W. 14th ed

Netter's Atlas of Anatomy for
Speech, Swallowing, and
Hearing**
McFarland, D.H.
Vanderbelt
Speech and Hearing Science:
Anatomy and Physiology*
Zemlin, W.R. 4th ed.

University of Texas
Textbook of Anatomy and
Physiology**
Anthony, Kolthoff 8th ed.

Clinical Anatomy: Applied
Anatomy for Students and
Junior Doctors**
Ellis, Harold 11th ed.

Villanova University
Human Anatomy &
Physiology*
Marieb, Elaine N. 8th ed.

Clinically Oriented
Anatomy**
Moore, Keith L., Dalley,
Arthur F., Agur, Anne MR 6th
ed.
Grants Atlas of Anatomy**
Agur, A., Dalley A.
Shenandoah University
Gray’s Anatomy for
Students**
Drake, Richard 2nd ed.
Atlas of Human Anatomy*
Netter, Frank H. 5th ed.

Lynchburg College
Textbook of Anatomy and
Physiology*
Anthony, Kolthoff 8th ed.
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Region 9

Florida State University
Clinically Oriented Anatomy*
Moore, Keith L., Dalley,
Arthur F., Agur, Anne MR
6th ed.
Grant’s Dissector*
Patrick W. Tank 14th ed.

Books
chosen
most for
each
field

Clinically Oriented Anatomy*
Moore, Keith L., Dalley,
Arthur F., Agur, Anne MR
6th ed.

Florida State University
Anatomy and Physiology for
Speech, Language, and
Hearing*
Seikel, J., King, D., &
Drumwright, D. 4th ed.
Neuroscience for the study of
Communicative Disorders*
Bhatnagar
Anatomy and Physiology for
Speech, Language, and
Hearing
Seikel, J., King, D., &
Drumwright, D. 4th ed.

Alabama State University
Textbook of Neuroanatomy**
Patestas, M., Gartner, L.P.

University of North Florida
Human Anatomy &
Physiology**
Marieb, Elaine N. 8th ed.

Grants Atlas of Anatomy
Agur, A., Dalley A.

Human Anatomy &
Physiology**
Marieb, Elaine N. 8th ed.

Atlas of Human Anatomy
Netter, Frank H. 5th ed.

If the first stage did not yield results or the syllabus did not specify which textbooks were
required, then an online bookstore course requirement search was performed using the course
number for the basic anatomy class. For two of the schools, the bookstore was contacted directly
in order to identify the required textbook. Nineteen of the total 53 textbooks were found using
this method.
If the previous stages did not identify the textbook, the professor was contacted directly
and asked which textbooks were required for the course. Four of the 53 textbooks were found
using this final method. If a textbook was not able to be identified using these methods, another
school was randomly chosen.
After a master list was created for all of the regions and professional fields, 20 textbooks
(5 from each field) were then chosen for analysis based on three criteria. First, a textbook had to
meet the inclusion and exclusion criteria. Second, a textbook was selected if it was available for
checking out via interlibrary loans. Third, textbooks were selected if they were a required text for
more than one school across regions. Approximately seven textbooks were selected for analysis
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that did not have any information on cranial nerves. Those books were not used, and seven books
were chosen to replace them (books chosen for analyses are highlighted in blue on Table 2).
In-Text research
After the 20 representative textbooks were selected, the books were ordered using the
inter-library loan system at Utah State University. In order to narrow the study to get an accurate
representation of muscle innervation of the speech and swallow mechanism (see Table 2 for list
of muscles), only the motor division of six cranial nerves most associated with the speech and
swallowing muscles were reviewed. These included cranial nerves V, VII, IX, X, XI and XII. A
table was then created to organized the nerve assignment to each muscle/organ for these 6 cranial
nerves (See Table 2).
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Table 2
Muscles of the Speech and Swallow Mechanism
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Table 4
Neural innvervation for the muscles of the speech and swallow mechanism by professional field
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Results
Report on the variation for neural innervation for the speech and swallow muscles will be
organized into three sections: by nerve assignment, by professional field, and by region.
Nerve Assignment
V Trigeminal
General description
Cranial nerve V, the trigeminal, originates at the pons and courses through the face. The
nerve has three branches: the ophthalmic, the maxillary, and the mandibular. The mandibular
branch supplies motor function to the muscles of mastication including the masseter, temporalis,
medial pterygoid, and lateral pterygoid. The mylohyoid, anterior belly of digastric, tensor
tympani, and tensor veli palatini are also reported as being innervated by the trigeminal nerve.
(Agur 2008, Dalley, 2008; Augustine, 2005; Bhatnagar, 2007; Ellis, 2006; Drake, Volg, &
Mitchell, 2004; McFarland, 2008; Moore, Keith, Daley, & Agur, 2009; Netter, 2011; Seikel,
King, & Drumright, 2009; Zemlin, 1997)
Textbook variation
There were two variations that will be discussed in reference to the trigeminal nerve.
First, Martini (2005) reported the CN V innervating the posterior belly of the digastric rather
than the anterior belly of the digastric as stated by 11 of the 20 books (See Table 3). Second,
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there was variation between textbooks in relation to the amount of detail given about the nerve.
All 20 textbooks reported innervation of the muscles of mastication by the V trigeminal nerve.
However, only 12 of the 20 textbooks specifically identified the mylohyoid, anterior belly of
digastric, tensor tympani, and tensor veli palatine being innervated by CN V. As well, little
information was given on specific branches that supply these muscles. Only 6 of the 20 cited
books specifically reported the mandibular branch innervating the muscles of mastication, and
only Zemlin (1997) mentioned the mandibular branch innervating the mylohyoid and anterior
belly of digastric by means of the inferior alveolar nerve (see Table 4). None of the books
referenced which branch supplied the tensor tympani, and tensor veli palatini.
Possible explanation for variation
There were two ways the trigeminal nerve assignment differed between books. First,
Martini (2005) differed in nerve assignment for the posterior and anterior belly of the digastric
on cranial nerve V and VII. The Martini text differed from others by reporting the innervation as
being swapped, where V innervated the posterior and VII innervated the anterior belly. It is
possible that because Martini explains that fibers of these nerves associated with the autonomic
nervous system overlap slightly, he may be assigning motor supply for the peripheral nervous
system based on this. Interestingly, the mandibular branch of the trigeminal nerve passes just
anterior to the posterior belly of the digastric, suggesting that innervation of this muscle by the
trigeminal is nearly impossible (McFarland, 2008). Possibly, individual variation of cadavers and
number of nerve branches may contribute to the cited variation.
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The second way the textbooks differed in description of the trigeminal nerve was level of
detail given. Some of the books simplified material by only mentioning innervation of the
muscles of mastication, while other described additional muscles and provided nerve branches.
Elementary textbooks may be focused on basic information in an effort to limit amount and
complexity of information. For example, only one of the five nursing books included the
mylohyoid, anterior belly of digastric, tensor tympani, and tensor veli palatini as being
innervated by the trigeminal nerve. In the nursing field, detailed information on these muscles
may not be necessary.
Table 4
Branches of the V Trigeminal

VII Facial
General description
The VII facial nerve originates from the pons, exits through the temporal bone, and
terminates at the superficial muscles of the face and scalp (McFarland, 2008; Antony et al., 2008;
Thibodeau, 2002). The VII facial nerve provides motor supply to the muscles of facial
expression (see Table 2 for a list of facial expression muscles), stylohyoid, posterior belly of
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digastric, and the stapedius muscle of the middle ear. These muscles are supplied through the
five branches of the facial nerve: the temporal, zygomatic, buccal, marginal mandibular and
cervical branches. (Agur 2008, Dalley, 2008; Augustine, 2005; Bhatnagar, 2007; Ellis, 2006;
Drake, Volg, & Mitchell, 2004; McFarland, 2008; Moore, Keith, Daley, & Agur, 2009; Netter,
2011; Seikel, King, & Drumright, 2009; Zemlin, 1997)
Textbook variation
There was little muscle innervation variation for the facial nerve. Martini (2005) reported
the only muscle variation for the nerve, writing that the facial nerve supplied motor function to
the anterior belly of the digastric (as opposed to the posterior as reported by 11 of the 20 books)
as previously discussed. All 20 books reported the facial nerve supplying the muscles of facial
expression. Only 11 identified additional muscles supplied (not of facial expression) as including
the stylohyoid, stapedius, and posterior belly of the digastric when describing CN VII. As well,
Netter (2011) and McFarland (2008), both used in training SLPs, were the only textbooks to
assign all the muscles of facial expression to corresponding branches. Five of the muscles of
facial expression were reported by Zemlin (1997), and two of these 5 muscles (levator labii
superioris and the mentalis) differed from Netter and McFarland. In Netter and McFarland, the
levator labii superioris muscle was supplied through the zygomatic branch and the mentalis
muscle was supplied through the mandibular, while Zemlin reported innervation by the
mandibular and buccal branches respectively (see Table 5).
Possible explanation for variation

	
  

VARIABILITY OF CRANIAL NERVE ASSIGNEMNT TO THE SPEECH AND SWALLOW
MUSCLES
	
  

	
  

	
  

21	
  

	
  

There were three differences found between textbooks. First, Martini (2005) reported
that muscle innervation for the anterior belly of the digastric was V instead of VII (for further
discussion on this, see possible explanation for variation under cranial nerve V). As in the
discussion above about the trigeminal nerve, level of detail varied between books. As would be
expected, the books that used the fewest pages to explain cranial nerve assignments were also the
books that offered the least amount of detail.
The other difference between textbooks in describing the facial nerve was branch
assignment variation. Nerve branches and the muscles they supplied were only discussed in 3 of
the 20 books. Interestingly, the branches were provided in the textbooks used to train SLPs.
Given the significant facial muscle control for speech and swallow, this makes sense from a
teaching perspective, even at the undergraduate level of training. It might not have been
considered pertinent to the other allied health fields. Also, as described in the three textbooks
that provided branch assignment, there is much overlap of the branches of the facial nerves and
distinct assignment is difficult, often resulting in variation between textbooks. For example,
according to Netter the temporal and zygomatic branch fibers overlap to supply the orbicularis
oris, the marginal mandibular and buccal branch fibers overlap to supply the depressor anguli
oris, and the marginal mandibular and cervical branches overlap to supply the platysma (Netter,
2011). Additionally, all five of the branches have fibers that overlap and combine at least at one
point with the adjacent branch, making it difficult to define which branch gives supply to a
specific muscle (Netter, 2011; McFarland, 2008).
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Table 5
Branches of the VII Facial Nerve

IX Glossopharyngeal
General description
Motor fibers of cranial nerve IX, the glossopharyngeal originate in the nuclei in the
medulla oblongata and terminate along muscles of the pharynx (McFarland, 2008; Netter, 2011)
supplying the stylopharyngeus. Many other muscles of the pharynx and palate may also be
attributed to this nerve. (Agur 2008, Dalley, 2008; Augustine, 2005; Bhatnagar, 2007; Ellis,
2006; Drake, Volg, & Mitchell, 2004; McFarland, 2008; Moore, Keith, Daley, & Agur, 2009;
Netter, 2011; Seikel, King, & Drumright, 2009; Zemlin, 1997)
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Textbook variation
Many of the textbooks varied in the palatal and pharyngeal muscles assigned to the
glossopharyngeal nerve (see Table 2 for identification of muscles for the palate and pharynx).
Three of the 20 textbooks attributed primary supply of the glossopharyngeal nerve to at
least one pharyngeal muscle beside the stylopharyngeus. Two additional textbooks stated that
muscles of the palate were supplied by a combination of IX, X, and XI. Marieb (2010) reports
that the nerve innervates at least part of the tongue and pharynx, saying that the nerve’s name,
“meaning tongue and pharynx, reveals the structures it helps to innervate” (pg. 324). Two out of
the 20 textbooks attributed primary supply for at least one muscle of the palate to CN IX.
Possible explanation for variation
There appears to be one primary reason for the variation described. As shown in Images 2
and 3, many fibers of the glossopharyngeal nerve combine with the vagus nerve, which then
connects to the accessory nerve, making it difficult to differentiate which nerve is the primary
supplier to the muscles of the pharynx/palate.
It is interesting to note that most of the variation for the glossopharyngeal was associated
with the muscles of the pharynx (see Table 7). By following the pathway of the glossopharyngeal
nerve in Image 4, it is evident that a number of branches terminated at the muscles of the
pharynx, whether those connections are alone or comingled with the vagus nerve. Therefore, this
can help explain the supply information given by Seikel, Bhatnagar, Thibodeau, and Anthony
(shown in Table 3).
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Image 4 also shows how muscle fibers and branches of the hypoglossal connect with the
vagus nerve just prior to the soft palate. This may result in difficulty differentiating which nerve
is the primary supplier to these structures, and how variation of nerve assignment can occur.
Image 2
Glossopharyngeal and Vagus Nerve Relationship (McFarland, 2008, p. 245)

	
  

VARIABILITY OF CRANIAL NERVE ASSIGNEMNT TO THE SPEECH AND SWALLOW
MUSCLES
	
  

	
  

	
  

25	
  

	
  

Image 3
Glossopharyngeal, Accessory, and Vagus Nerve Relationship
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Image 4
Vagus Nerve, Glossopharyngeal, and Accessory Nerve Relationship (McFarland, 2008, p. 247)

X Vagus
General description
Cranial nerve X, the vagus nerve is the longest and one of the most complex cranial
nerves. It originates in the medulla oblongata, exits that skull along with nerves IX and XI
through the jugular foramen. The nerve then courses through the neck, thorax, and abdomen
supplying various muscles of the pharynx, larynx, palate, striated muscles of the esophagus.
(Agur 2008, Dalley, 2008; Augustine, 2005; Bhatnagar, 2007; Ellis, 2006; Drake, Volg, &
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Mitchell, 2004; McFarland, 2008; Moore, Keith, Daley, & Agur, 2009; Netter, 2011; Seikel,
King, & Drumright, 2009; Zemlin, 1997)
Textbook variation
Of the cranial nerves for speech and swallow, the vagus demonstrated the most variation
in muscle assignment to the larynx, pharynx, and soft palate, and tongue.
The majority of the textbooks (16 out of 20) were in agreement that the muscles of the
larynx are innervated by the vagus nerve. Additionally, five out of the 20 textbooks provided the
specific vagal branches, superior and recurrent, to laryngeal muscles (see Table 6).
Thirteen of the 20 textbooks attributed the vagus nerve as the sole provider of neural
supply to the muscles of the pharynx, while five other textbooks also accredited nerves IX and/or
XI in addition to the vagus nerve. Five textbooks mentioned the pharyngeal branch of the vagus
as supplying muscles of the pharynx (See Table 6).
While the majority of the textbooks showed the vagus nerve as the primary supplier to
the palate (9 of 20), four of the textbooks reported a combination with IX and XI. Similar to the
pharynx, five textbooks also showed innervation to a number of muscles of the palate through
the pharyngeal branch of the vagus (See Table 6).
The last variation of the vagus occurred with the palatoglossus. According to Table 3, 10
of the 20 books attributed the vagus nerve as primary innervation to the palatoglossus, while
three textbooks split the supply between the XI and X.
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Table 6
Branches of the Muscles of the Pharynx/palate, Sternocleidomastoid, and Trapezius

Possible explanation for variation
Similar to the glossopharyngeal nerve, explanation for variation of neural supply can be
explained by Images 2, 3, and 4. Because both the accessory and glossopharyngeal nerves
combine and connect with the vagus, primary assignment varies. However, the majority of the
textbooks attributed the vagus nerve as at least a contributing supplier, if not the sole supplier,
for the muscles of the larynx, pharynx, palate, and palatoglossus.
XI Accessory
General description
Cranial nerve XI, the accessory nerve (also known as the spinal accessory) has two
origins, one cranial root in the medulla oblongata and one spinal root in the spinal cord. The
spinal root enters up through the foramen magnum where it joins with the cranial root. These two
	
  

VARIABILITY OF CRANIAL NERVE ASSIGNEMNT TO THE SPEECH AND SWALLOW
MUSCLES
	
  

	
  

	
  

29	
  

	
  

roots exit the skull through the jugular foramen, where the cranial portion combines with the
vagus nerve at the inferior gangion of the vagus nerve (see Image 4), and the spinal portion
courses to and innervates the sternocleidomastoid and trapezius muscles (see Image 5). (Agur
2008, Dalley, 2008; Augustine, 2005; Bhatnagar, 2007; Ellis, 2006; Drake, Volg, & Mitchell,
2004; McFarland, 2008; Moore, Keith, Daley, & Agur, 2009; Netter, 2011; Seikel, King, &
Drumright, 2009; Zemlin, 1997)
Image 5
The Accessory Nerve (McFarland, 2008, p. 249)
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Textbook variation
The XI accessory nerve is the second most cited nerve after the vagus for supply of the
muscles of the larynx, pharynx, and palate (See Table 7). The most variation between nerve
assignment occurs with this nerve, and opinions vary among scholars as to how much the
accessory nerve is actually involved in innervation of the muscles of the larynx, pharynx, palate,
and the palatoglossus.
Seikel, Netter, and Martini are the only textbooks that recognize the accessory nerve as
innervating the muscles of the larynx. Seikel does not give sole innervation of the larynx to the
accessory, but rather suggests that nerve “works in conjunction with the vagus to innervate the
intrinsic muscles of the larynx” (Seikel, 2009, p. 612). Martini on the other hand gives sole
function to the accessory nerve, saying that the nerve does indeed join the vagus nerve and
“innervates the voluntary swallowing muscles of the soft palate and pharynx and the intrinsic
muscles that control the vocal cords”, but then clarifies that “these are actually branches of the
accessory nerve” (Martini, 2005, p. 418). In contrast, Mendoza reports that “the vagus nerve is
the only cranial nerve that supplies motor fibers to the larynx” (Mendoza, 2007, p. 149)
Five of the 20 textbooks say that CN XI innervates the muscles of the pharynx and palate
(seven out of the 20) (See Table 7). Opinions vary between authors on how involved the
accessory nerve is to pharyngeal, palatal, and laryngeal muscles. Snell reports that the cranial
root joins the vagus at the pharyngeal plexus, which “thus brings about movements of the soft
palate, pharynx, and larynx” (Snell, 2003, p. 905). In contrast, both McFarland and Patestas
disagree completely, arguing that the accessory nerve only has a spinal part, and that the cranial
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portion is just a continuation of the vagus nerve. McFarland reports that “recent evidence
suggests that the accessory nerve lacks a cranial root and has no connection to the vagus nerve”
(McFarland, 2008, p. 249). Patestas upholds this viewpoint by stating that “it is now understood
that the cranial root of the accessory nerve is composed of aberrant vagal fibers” (Patestas, 2007,
p. 277). Patestas is also the only textbook that distinctly mentions that there “are differences of
opinion relating to the classification of the functional components of the spinal accessory nerve”,
and does not give a clear definition of which muscles are innervated by the cranial portion of the
accessory nerve, but rather chooses to take a neutral position with defining terms (Patestas, 2007,
p. 277). This argument is recent, and “verification of this finding awaits further investigation”
(McFarland, 2008, p. 249).
Possible explanation for variation
The central focus of the argument presented in the section above is whether or not the
cranial root of the nerve combines with the vagus nerve at the inferior ganglion of the vagus
nerve or at the pharyngeal plexus (see Images 3 and 5). If in fact the accessory does connect,
then further muscle variation can be explained by this connection. Because of this fusion, the
cranial portion of the accessory nerve courses with the vagus nerve helping to supply all that the
vagus nerve supplies (Snell, 2003; Martini, 2005; Seikel, 2009; Marieb, 2010; Thibodeau, 2002;
Augustine, 2005). Through this connection, it can be difficult to assign which nerve supplies
which muscle, thus giving a possible explanation for the variation.
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If they do remain separate, then the only muscles that can be innervated solely by the
accessory nerve are the sternocleidomastoid and trapezius by means of the spinal root of the
nerve.
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Table 7
Muscles Organized by Innervation Majority
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XII Hypoglossal
General description
The XII hypoglossal nerve originates in the medulla oblongata and terminates at the
tongue. The nerve innervates the intrinsic muscles of the tongue, extrinsic muscles of tongue
except for the palatoglossus, and is also reported as innervating the sternothyroid, sternohyoid,
thyrohyoid, genioglossus, geniohyoid, and anterior belly of the omohyoid (See Table 2 for
muscle detail). (Agur 2008, Dalley, 2008; Augustine, 2005; Bhatnagar, 2007; Ellis, 2006; Drake,
Volg, & Mitchell, 2004; McFarland, 2008; Moore, Keith, Daley, & Agur, 2009; Netter, 2011;
Seikel, King, & Drumright, 2009; Zemlin, 1997)
Textbook variation
There were two main variations between textbooks for the hypoglossal nerve. First,
McFarland’s (2008) text differs on whether or not the mylohyoid was innervated by the
trigeminal, as it states in 13 of the 20 textbooks (pg. 239), or whether innervation is actually
through the hypoglossal as the text later states (pg. 250). The author gave innervation credit to
both nerves.
Second, four out of the 20 textbooks did not separately address palatoglossus innervation,
but rather used a general statement such as XII “innervates the skeletal muscles of the tongue” to
describe XII as innervating all the extrinsic tongue muscles (Widmaier, 2007). This could
include the palatoglossus if it is categorized as a tongue as opposed to palatal muscles.
Possible explanation for variation
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Explanation for confusion on mylohyoid innervation may be attributed to neural pathway
for the hypoglossal nerve courses in close proximity to the mylohyoid as it terminates in the
other extrinsic muscles of the tongue. It can be easy to see where confusion can take place. It is
important to note however that while the trigeminal and hypoglossal both course through this
area, these nerves work independently of each other and fibers do not cross as seen in other
nerves (Netter, 2011).
Explanation for the second variation with the hypoglossal is similar to that previously
discussed with V and VII. Given the limited amount of detail in some textbooks, it is likely that
specific neural assignment for the palatoglossus was simply not addressed.
Field of study comparison
In order to further measure muscle innervation variation between fields of study, a
mathematical formula was developed to compare number of variations across fields. A chart was
created with the textbooks grouped according to field of study (see Table 3). All of the variations
were then highlighted in pink (variations were defined as anything that was different from the
majority). Percentages of textbook variations were calculated. For example, in the medical field
there were six neural supply variations highlighted in pink. The variation percentage was
calculated by taking six and dividing it by 165 total possibilities, then multiplying by 100 (% =
number of variations/the total number of variations possible; so (6/165) (100)= 3.6). Results
were then charted as seen in Table 8.
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Table 8
Variation Percentage of Muscle Innervation by Field of Study
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Findings indicated medical field variation equal to 3.6%, by far the lowest variation
compared to the other three fields. The highest percentage was nursing, 17.6%, followed by SLP
at 17.0%, then physical therapy at 15.8%. This indicates that the medical field varied the least.
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Since the three allied health fields were relatively close in value and different from the medical
field, a question is presented. Why is the medical field’s variation so low in comparison to the
relatively high percentages of the other three fields? There are two possible explanations for this
low number.
First, it has been previously noted under CN VII analysis that the books that used the
fewest pages (defined as less than 10 pages total) to explain cranial nerve assignments were also
the books that offered the least amount of detail, which in turn resulted in the most variation
between texts. Four out of the five textbooks that were analyzed under the medical field used
greater than 10 pages to explain cranial nerves, and went into more detail compared to textbooks
from other fields. Only Augustine (2005) did not use at least 10 pages. Instead, the Augustine
text used a chart that briefly mentioned the main functions of the nerve. This, therefore, suggests
that when more detail is provided, higher rates of agreement occur. Additionally, the medical
text is aimed at a higher educational level, that of doctoral as opposed to undergraduate or
Master’s level for the allied health fields, and so can expect to address far more detail.
While three out of the five SLP anatomy textbooks also met the criterion of using more
than 10 pages to describe neural supply, all three of these books had a number of variations.
Potentially, authors of these textbooks relied on different secondary sources outside of their
direct experience. It is possible that medical anatomy textbooks are directly written by
anatomists and not practitioners of an allied health field, as is often the case in SLP, PT and
nursing.
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Geographic Region Analysis
Analysis by region was organized in tables by region (See Table 14). Using the same
equation used by professional field analysis (% = number of variations/ the total number of
variations possible), the variation percentage was calculated and then regions were compared.
Geographical variation percentage rates
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Table 9a
Variation Percentage by Region
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Table 9b
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Analysis of the results shows region 1 with the most variation at 23.0% and region three
with the least amount at 0%. The other regions stayed in a comparatively close range from 9.7%
to 19.0%. While there is variability between regions, each region did not use the same number of
books for sampling. Because using more books increased opportunity to introduce variability
into results, an additional step to account for the textbook number included in each region was
added. The total variation percent for each region was divided by the number of different
textbooks sampled. For example, region eight had a variation of 9.7%. This number was then
divided by the number of textbooks sampled in that region (9.7%/5= 1.94). Comparison can then
be made on variation for region based on textbook sample size (see Table 10). These results
suggest that variation in cranial nerve assignment is not region dependant.
Table 10
Variation Percentage of Region Based off of Textbook Sample Size

Summary and Discussion
There were five key points found by this study:
1. The cranial nerves that had the most variability in assignment were the IX
glossopharyngeal, X vagus, and XI accessory nerves. Variation can be explained because
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of the close relationship shared between fiber connections of these nerves. All three of
these nerves are interconnected, and identification of primary supply for a specific
muscle or muscle group can be difficult. There was significant discrepancy in the
assignment for the accessory nerve between texts in reference to its functionality and role
in muscle innervation. (See Images 2, 3, and 4)
2. Interestingly, the three nerves with the most variability in assignment supply the muscles
of the larynx, pharynx, and palate. Given the small area of the body and the high level of
exacting muscle movements required for normal speech, voice and swallow, interrelated
neural supply is understandable and even desirable. (See Images 2, 3, and 4)
3. The most basic the anatomical description, or simplified the text, the more variability in
cranial nerve assignment observed. In order to show the basic pathways of the cranial
nerves with little confusion, many textbooks did not go into deep detail explaining
variation of innervation. They instead kept explanation at a superficial level.
4. In looking at inter-professional field variability, those textbooks included in the medical
field showed far less variability than the other fields. It is possible that the medical
profession uses texts written by anatomists and not allied health practitioners.
Additionally, the higher level of education (doctorate of medicine) allows an expectation
for more detail at a higher level of complexity than the allied health fields where anatomy
is taught to undergraduate or Master’s degree students. It is also important to note that the
small sample size could be a key component for these results. (See Table 8)
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5. While there were differences in variability rates among regions, evidence was not strong
enough to suggest that one region had more variation in cranial nerve assigment than the
other regions. The number of books used in each region was quite low in the sample with
a low variation percentage calculated. (See Table 10)
By categorizing the variability for cranial nerve assignment of speech mechanism muscles in
professional training textbooks, professionals in allied health fields can better appreciate
differing perspectives in discussing clinical cases. As well, students can better appreciate the
level of interconnectedness of specific cranial nerves, such as IX, X and XI. Hopefully this
reduces confusion and leads to an awareness of individual differences in both structure and
function. This may lead to a better diagnosis of speech, voice or swallow deficits with a
positive effect on the professional world.
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